(o
il
s
)
i,
=\
of

A Balanced Panel Zone Strength Criterion for Reduced Beam Section Steel
Moment Connections
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ABSTRACT : This paper presents test results on reduced beam section (RBS) steel moment connections. The testing
program addressed panel zone (PZ) strength as the key variables. PZ strength has been much debated issue for several
decades. A desirable range of PZ strength has not vet been proposed despite the fact that a significant amount of RBS
test data is available. Test results from this study and by others showed that panel zones could easily develop a plastic
rotation of 0.01 radian without causing distress to the beam flange groove welds. At this deformation level, the amount
of beam distortion (i.e., buckling) was about one half that developed in strong PZ specimens. A criterion for a balanced
P7 strength that improves the plastic rotation capacity while reducing the amount of beam buckling is proposed.
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Fo HAE A ZAE A 93 Ede] Hole olfoltt,
A oAe] A7Ae Qs 439 4Fe RBS A3Agr) &
Aglo] Qlgo= Esla(Engelhardt & 1998, 2000:
Tsa1 Chen 2000: Yu % 2000: Chi-Uang 2002: Jones
T 2002), H9Ee] AT HAZ} olF 7] AAE izt
H}\D]r.
& Aol e HdE 2ot RBS e A% v
A Y B AL e gt AdEaaial B9
SHAl #A1%H 5 AEA 3o 71"?* RBS A&+ #3)
& (balanced P7)9 Z=71%S AAstna} stgict.

2. &

1
[EI

23
2.7 AR A

T ATIMe F 67 ARAZE AAER e, 24 AlEA
o AAERE £ 19 Heleiict. RBS A% A @

act _
me axZ ppsx F o,

7% Ea7)

Mf: m‘;d(

Hel 443k Y

Lb
77 )

= (L.D)*xZ ggsx F,, (1

WE(M e

M, m, —
" Fo AFER AAE Y% grdE ZrEe o9 13 LI
a9 29 Z47b Jept Qloh ‘1-1 e %%%%7_&?} Sl it
235MPa ¢! SSA0074AE AHegor, 7)1eiAe 33IE
57t 324MPa%l SMAY0IAE ALgslgich AdEg & T
AN GRS ARl ARARE FPsid o e T
2 ABE £ 24 FYsGith RBS ¥R AAe N
Iwankiw(1997)9 Engelhardt $(1998)0] Ajekgt AA A
A% w3tk RBS #¢] A% a o b 247 B Zo T 2. 2 2l Heve =2
25% B3] T5%%E 71502 39tk RBS 2Aglx|7} W Engelhardt 5(1998)& 71% Zalxlo] A& wale
B el =EE el RAE(m G SSA00IA(pr je wel wun 29RAE( M )9 85%01A 100%
WEEEREHR(F = R «F, = 133285 =313 MPa)  wop} A9 Ace Ak, 2 AFdie 715 Su
ok RBS avddxe] HEAs: Age g 1.12 sl Aol Fgehe ERES AgE 24 BHES 90%7F 9A
At UEE H Uz dAEg A siinh B Zuix] Hakee
1. AEA 2En
Specimen Beam Column Panel zone a b c Flange reduction
(85400) {SM490) strength (mm) | (mm) | (mm) (%)
DB700-SW | H-700X300X13X24 H-428X407X20X28 Strong 175 | 525 | 55 37
DB700-MW | H-700X300X13X24 H-428X407X20X28 Medium 175 | 525 | 55 37
DB600-MW1 | H-600X200X11X17 H-400X400X13X21 Medium 150 | 510 | 40 40
DB600-MW2 | H-600X200X11X17 H-400X400X13X21 Medium 150 | 390 | 40 40
DB600-SW1 | H-600X200X11X17 H-588X300X12X20 Strong 150 | 450 | 40 40
DBB00-SW2 | H-606X201X12X20 H-588X300X12X20 Strong 150 | 450 | 40 40
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DB700-SW¢+ DB700-MW A&
SAC (2000)14 Aleket HA AAEQ] 40%E It HEE
grolk, U] 4709 AlaAe B Zalx] AAE2 40%°]
tHE 1 32).

2. 4M Al 2t

F . F Yield
Member Coupon Y u .
(MPa) | (MPa) | ratio(%)

Beam Flange 304 455 67
H700X300X13X24 | Web 364 480 76
Column Flange 343 512 67
H428X407X20X35 |  Web 358 520 69
Beam Flange 326 467 70
H600X200X11X17 | Web 343 473 73
Column Flange 358 525 68
H400X400X13X21 Web 374 531 74
Beam Flange 295 447 66
H606X201X12X20 |  Web 333 471 71
Column Flange 374 534 70
H588X300X12X20 | Web 405 546 74

e RBSFeA oldsle WA 3=
9 @78 sk, ke T Y HdE Ade A
% 3 ol gsted AAE

2
V,=(0.75)(0 .6F ,.d ¢ p)[ 1+ M] )

3b 12 ]
- Y
Vp—(0.6FyCdctp)[1+ d,d 1, (4)

”EZV.MH 0.757F wtd® 4] (3)2 AISC (1997) A
T Aoltt. 4 (3)el oa AAE AlFAE HedH o]
e Hollq @y Ao o ng ZeH(strong) WY
Z NFA R Bagrh 4 (4)e fdEe] Aehigzoe] o=
29 ulo] =23 wje] sfdE A2 (Krawinkler
1978), 3 AISC (2002) WA tAela Aedet Aojct
AISC (1997)9] Z=AzAS 0.75% HdE 4AE 554

st ake gl itk mekA AISC (2002)14 = &

Aol 37%clth. °ol&

us
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2x| M3E (RBS) HE ZHE M2
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Ty

FPH

A8t Krawinkler(1978)9] 2 Aljteez A2
Frspl et & dFddxe A (4 g dA"
NBAZ 7% (medium strength) HdE AlFAZ 4
gk, AISC (2002)0014 2] (4)& Ae&ste AT} Bl 9
Yo zhgsles AdEe| Abule thea 2ol FAE
o} AISC (1997)9] A%, FHslao| o walEr} 2|7t
T A o]He| ofn] & Hé}%% 7% FFe HellA 27g3l

A7} BAlel A= gdethe de Telble], HdEel &
el By muEl Aekg B AEHES 80%E F
& 4 xS itk FEskeel g ZRlE] AV|E
B AARWES 20% 7 /s, oy fdE ERe R
AES] A7)8 e FEaked o3 ZalEs} 3t &
Ak B Grh(58] ASRANEXFH S FHsEY
A7t A H e vn|g B RrEZz A9 wet
A AISC (2002)91ME $H8se] F3E TSt 2443

oMo FEHEE V)T FHeR Aol FdEo

FYHE AdEe 2715 Aehs Weke s 7H?<4o}

3 1ol g uke} o] 3719

2 A7 Agzadd xgEo] SIthAFEA DB7OO
-MW, DB600-MW1, DB600-MW2). DB600-MW1z}
DB600-MW2= K Zaix] Aakdo)dt 25 thE ¥ vz
B4 Fdsith B ZWA] Aapdol= DB600-MWI1e B
29] 85%, DBBOO-MW2i BE9| 65%o|t}. £ oo &
B AEAE B SEE 2FE &4sid 71 ZdAjel A9
et

BE AgAe] B Zd| e} BU FAE Ae 7H 2
TUE ARl 83Ae ARESl VOwA(CVN) g
SAC (20000914 WFgeg a27¥E= HAaA 26.7 joule

[e)
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12| 8. DB700-Mwe| Hats

18 9% 4%37PA80lM ] SnlEdakE(Lateral Torsional
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B Zaix| M2y (RBS) X2 ZHE

N TEHEE BT

Medium PZ Strong PZ
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o
|
|

LTB amplitude {mm)

. :
DB700- DB&00- DB600-; DB700- DBG00- DB600-
MW Mw1  MW2 ' sw swW1 Sw2

(a)

Medum PZ 1

Strong PZ

Normalized LTS amplitude (%)
(normalized by beam flange width)

DBTOO-MW  DBSOO-  DBBOC-
MW Mz |

0% 9. WEE Zxo| M Yu|EYR =l TF 8w
(a) & ZE: (b) Ao TZ

1.4
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« 1.0 o .
:
? 08 [— B = = =
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0.2 — S
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Story drift ratio
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OlEE - YME - MM - UNE

W84S A EE 4 (W8

7} 43 )% BaA] Zo|
_/_: 1:

E ol JE( V)5 CRCEes B el ﬂu}
V,= V,(1+ CFC) (5)
oA71A,
Vv, = —\/1—3chd £ ,<0.6F d ¢, (6)
cre=3batu )

ddt,

B 7wl HE2E RBSHF A4 *HD@EdlE
9 o aze Fgske ﬂ%aﬂ( V gps, p)& AHESHI
2)¢l ﬁ%oﬂm AHgEl]

Zowph gl #He E@liﬁfﬁ-‘?‘(one—sided moment

connection)ell UMV pps pi= TR Aol 2Jaf Alxke
%9l
Mupsp\ [ L/2+d./2 d,
RSP db L17/2 —e 1{(: (8)
Mg p= AZE FEZET] 7zsle] AAd
RBSH iéEJE H = 759 Zol(YuA] 7]

A2,
A EA T (two-sided moment connection) @
V rps. p &2 A(8)el g ghe] T uj7l ®) Bel 7w

= Uehlie A=2d 4 Q)2 AME V s p 5 A3}
Al H, Bob 3 dE o] AR E Vopps pf V pd ¥
22X FAE F Stk BE o] vy} AE5E dpdEe) 73t
£ 9njsh}

dEe] st ARl 2 7R Fo8d nAe g3
= £ 39 Fesisich. Alda DB700-SWel 4%, sdE
e A} A AT gloid 23A91A] ?%9}‘3}.
FHo oAe] AFAE o3 F3E HPAYET g ¥
sl A glolewo]aE EEslual Sk Engelhardt
s 1998, 2000: Tsai-Chen 2000: Yu % 2000:
Chi-Uang 2002: Jones & 2002). & 3(a)e £F

N

|

& RRERERA B AGEUE H2 Zoln, E 3(b)
= AEYES FauERe 9 sl e

Engelhardt 5 (2000)3 Jones & (2002)¢] 483} of=

H18H 1=

RBS, P/ VP4 ]7} 0.7001]/‘1 0.90 4010
] = WEEAA 9 0.01 radian®] 243 AHY
AL, A e oF 30~40% HEE Ak}

===

AR .
aigk 478 ARAS] AAA A ouR] b
a8 11~1401  =AEEh DBT00-MW
(Vggs.p! V p=0.87)& 4% Z7HA47A] didZollA A
A ez oF 43%5 ATt DB700-MWETH A
Ao g3 HdEE 7R NG LSV ggs p/ V 5
= 0.76)& AEEAA A oRY 28%H 7t 2%
om ddEd WAt &4 -7 0.008 radian FES!
o}, 22y DB700-MW Et} ozt ok sid=g 7}111“ ’\l
G 1B (Vs p/ Vp = 0.91)= 84 AL
A OﬂLVH 25%)7} ddEd| oJg At %ll"é%i% 7|
o Eolth ol dWdgle AL oM EAsh::
3}9} ol J Shsotolle] B A% (cyclic instability)
o 71918 Holr},

800

400

Beam tip force {(kN)
=)

400 |
-800 - - - s
-6 -4 -2 0 2 4 6
Story drift ratio (%)
Vs, p/Vp= 0.87
Obeam
300 | B panel zone

drift cycle
(kJ}

Energy dissipation at each story

Story drift ratio (%)

T2 11, AR DB700-MWE] O[24=M1} offufx| Apt

80=) 20062 28



2 Z3x MY (RBS) = ZHE

i}

. Energy dissipation
, Panel zone plastic
Speci B Col P7Z strength ratio rotation by panel zone up
pecimen ca otumn (Vins ol V) (rad) to 4% story drift
cycle (%)
DB700-MW W27X123 W17X271 0.87 0.012 43
DB600-MW1 W24X70 W16X115 0.83 0.008 32
DB600-MW2 W24X70 W16X115 0.82 0.009 30
DB700-SW1 W24X70 W14X150 0.66 0.0002 5
DB700-SW2 W24X80 W24X100 0.63 Negligible Negligible
RB5Y W24X70 W12X125 0.82 0.011 37
RB1Y W24X70 W12X125 0.77 0.010 33
Ls1” W30X99 W14X176 0.76 0.008 28
0.01 rad out of total
DB5 W30X148 W14X257 0.72 plastic rotation of 0.04 Not available
rad
DC2Y W36X150 W14X150 0.67 0.005 24
a) T asl Chen (2000)
b) Yu & (2000)
¢) Engo lhardt 5 (1998): &3 718 sjelo] SAC(2000)9 ®& AXes eIV E I OF
d) Chi-Uang 2002)
(b) 45 BRERET AE 22
Energy dissipationn
PZ strength — — — Panel zone plastic
Specimen Beam Column vatio Total Dissipated | Dissipated by | Dissipated rotation
(Vi r V) (k) by beams | panel zone | by columns (rad)
{(kJ) (kJ) (kJ)
Bare steel specimen
. - . - 1991 456
1B W36X150 | W14X398 0.91 2572 (759)" (95%)" 125 0.005
@) W . 937 2559
3B W36X150 | W14X283 1.40 3915 (24%) (65%) 419 0.034
- . 1400 30 .
r _
4B W36X150 | W14X398 0.56 1430 (989) (2%) Negligible
Composite slab specimen
_ 3805 1594
) v 714X , \
1C W36X150 | W14X398 0.91 5631 (4524)" (55%)" 232 0.010
19 5068
g) 7 1Y
3C W36X150 | W14X283 1.40 6041 (0%) (84%) 954 0.038
_ . . _ 3482 37 ~ ..
4C W36X150 | W14X398 0.56 3511 (99%) (1%) Negligible
e) Engelhardt % (20000 = Jones 5 (2002): & AldAe] B 71%240E AST2 Gr. 50 ZAAH:

1) 4% FRSIAe] oA 2k

g) °|8 AlgA A <k 0.008 rad & 7%
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o u

dZ

P

I

Higd 12(&

H 80%) 2006 2¥

65



o
nat
fol
o
=
Foi
>
0z
o
o
s}
fol

'S
=)
L=

& SPECIMEN 18 | |

5 7

: 77

g 7177

g >l

5 / |

3 1 kips 4,45 k¥

|
'4?8 08 0 0.08
Story drift Angle (rad)
V ag, o'V o= 091
00

5
T w0 Cbeam —
52" el 2
% B @panel zone _
7E 400 —
53
35 00 A
Tz
S | % % | m. |

15 2 3 4 5

story drift ratio (%)

T2 12, AlEA 1B2| 0fHFMEE of x| At
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SPECIMEN 1€ __| .
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Story drift ratio (%)

213, AIFA 1C2] o[HFMRE iR A4k

4= =9 giael 47 A4 AgHle FAXE B
Aolt}, Uang % (2001)2 RBSHY 3714 #zERce
(WLB FLB LTB) 7kd]. =522 (WLB)o] RBSE
e Ak FEREYS AA vl gtk R 49
o] DB700-MWAIZ A= AISC WATFE A2 obgA
Q0& B vEska ot AlEA LS12 LTB 2 FLB W
g ¢ AIS(H STFAE W\t AgEt S & A
o Z2v AlEA 1B LTBAOIE gk AISC IANE
w2 F0R(37% ) 28l k. o] AxEA a7
1301A4] B0l 3% 2714 ol%: ol o) He %
=rb 343 Asketa ) 3% 7S o] T d
zofl ofgh Ko ZFrAta uﬂ”iol LR Akl Ael 54
2] 7] mRol] AJFA 1BelMe] gz ouix] At
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1_4

00 s=z7=zsts =27 18 15(SH 805) 2006
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tizhd Alels]
7HE S Aol
o W & 4

Toll gick gt o A
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1B9] sdEel] g oA aikge 84
ok ol AIEAl 109 AFE 248 B
T U
Story Drift Ratio (%)
% - 2 9 2 4 6
100
o =
i, 7/
1 kip= 4.45 kN
-100 [ L f i 254 mm
-10 5 o 3 10
Bearn Defiection (in)
Y res, oV = 0.76
Qbeam 1
2 |@panel zone —
. [
; -
15 2 3 4 5

Story drift ratio (90

32 14, A LST of 0|HFMDT} ofluf x| At

4. MEslel Bl

oo 2

Buckling mode
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